1. Introduction {#s0005}
===============

Tuberculosis (TB) is the most common opportunistic infection in HIV-1 infected persons in Sub-Saharan Africa. Tuberculous pericarditis is an inflammation of the pericardium caused by *Mycobacterium tuberculosis*. It is a life-threatening extrapulmonary form of TB that results in accumulation of fluid around the heart, potentially leading to constriction. In developed countries it accounts for \~ 5% of all cases of acute pericarditis, compared to up to 90% in Sub-Saharan Africa, where it is the most common cause of pericardial effusions in HIV-1 co-infected patients [@bb0005]. Mortality in these patients is up to 40% in the absence of anti-retroviral treatment, despite antituberculosis therapy, pericardial drainage, or pericardiectomy [@bb0010].

The recently completed Investigation of the Management of Pericarditis (IMPI), a large clinical trial examining the effect of prednisolone or *Mycobacterium indicus pranii* or both added to the standard regimen of isoniazid, rifampin, ethambutol and pyrazinamide showed, that neither the standard anti-TB therapy alone nor the addition of prednisolone to chemotherapy resulted in a clinically satisfactory mortality reduction, however the prednisolone group had a lower rate of constrictive pericarditis and fewer hospitalisations compared to placebo [@bb0015]. Since we have recently shown that pericardial tuberculosis is characterised by a compartmentalized profibrotic immune response, we hypothesised that prednisolone had a suppressive effect on the concentration of inflammatory and potentially profibrotic cytokines in the pericardium [@bb0020].

In this pilot study we evaluated the effect of prednisolone on inflammatory markers in pericardial fluid, plasma and saliva, in a subset of patients from the above clinical trial in order to improve our understanding of immunological mechanisms at the disease site, which could inform development of more targeted interventions. Specific analytes were selected based on our recent analysis of differentially abundant inflammatory markers (at both RNA and protein level) between the blood and pericardial fluid compartments [@bb0020]. Additionally, we also evaluated the hypothesis that inflammation induced cell death in the pericardial compartment would be in part due to apoptosis, which is initiated by two major pathways: the extrinsic (through ligation of death receptors or TNF receptors) and intrinsic pathways (mitochondria mediated) [@bb0025]. Caspase 8 activation is an essential early step in the induction of the apoptosis by the extrinsic pathway, while Caspase 9 activation is part of the intrinsic pathway, both leading to activation of Caspase 3 [@bb0030]. We therefore also assessed the effect of prednisolone on the concentration of Caspases 3, 8 and 9 in the pericardial fluid and plasma.

2. Materials and methods {#s0010}
========================

2.1. Patient population {#s0015}
-----------------------

Patients were recruited from Groote Schuur Hospital, Cape Town, South Africa as part of an intensive pharmacokinetic sampling study of the Investigation of the Management of Pericarditis (IMPI) trial, with a computer-generated randomisation list as described previously [@bb0015], [@bb0035]. Ethical approval for these studies was obtained from the Faculty of Health Sciences Human Research Ethical Committee at the University of Cape Town (Reference numbers 102/2003, 402/2005, 289/2007) and as published [@bb0015], [@bb0035]. Briefly, patients were eligible for inclusion in the trial if they were 18 years of age or older, had a pericardial effusion requiring pericardiocentesis confirmed by echocardiography, had evidence of definite or probable tuberculous pericarditis and started antituberculosis treatment less than a week before enrolment into the comparison of prednisolone versus placebo arm of the IMPI trial and provided written informed consent for inclusion in the study. Pericardial fluid, plasma and saliva were obtained from 14 patients at multiple time points following randomisation to prednisolone/placebo for pharmacokinetic studies to assess antibiotic penetration as described [@bb0035]. Pericardial samples were collected via a catheter which was left in the pericardial space for 24 h post-pericardiocentesis. Not all samples were available from all patients at all time points, thus the present analysis evaluated the concentration of cytokines, chemokines and caspases at 0, 8 and 24 h only.

2.2. Luminex multiplex assay for cytokines and chemokines {#s0020}
---------------------------------------------------------

Mediators analysed in undiluted plasma (P), pericardial fluid (PF) and saliva (S) samples included IFN-gamma, IL-1alpha, IL-1beta, IL-6, IL-10, IL-12p40, TNF, CXCL8 (IL-8) and CXCL10 (IP-10), using customized Milliplex™ kits (HCYTOMAG-60 K, Millipore, St Charles, MO, USA) on the Bio-Plex platform (Bio-Rad Laboratories, Hercules, CA, USA) as described [@bb0040]. Caspases 3, 8 and 9 in undiluted pericardial fluid and plasma were measured using human in vitro ELISA kits from Abcam (Cambridge, UK), following the manufacturer\'s recommendations.

2.3. Statistical analysis {#s0025}
-------------------------

Statistical analysis was performed using GraphPad Prism Version 7.0c for Mac. The normality of data was assessed using the D\' Agostino and Pearson normality test. As not all patients were sampled at all time points, some data were not paired. Between group comparisons of unpaired non-normally distributed data were analysed using the Mann-Whitney *U* test. No correction for multiple comparisons was performed.

3. Results {#s0030}
==========

Of the 14 patients nine were on placebo and five on prednisolone (at a dose of 120 mg per day in the first week). Patient characteristics were previously described as part of the main study [@bb0035], with the subset included in this pilot study being detailed in [Table 1](#t0005){ref-type="table"}. Nine patients had definite tuberculous pericarditis (3 on prednisolone and 6 on placebo) and five had probable tuberculous pericarditis (2 on prednisolone and 3 on placebo). The pericardial protein measured in pericardial fluid was median 61 g/l (IQR 55--67.5) in the definite TB patients and median 66 g/l (IQR 56--76) in the probable TB patients respectively, while the ADA was median 87.3 U/l (IQR 43--127) and 51 U/l (32.8--67.6) in the definite and probable patients respectively. There was no significant difference between the groups with respect to either parameter. There was no difference between age and weight between the groups, gender composition was male/female 5/4 and 2/3 for the placebo and prednisolone groups respectively. Seven out of nine patients in the placebo and three out of five patients in the prednisolone group were HIV infected. Only two patients were receiving antiretroviral treatment at the time of the study, both in the placebo group ([Table 1](#t0005){ref-type="table"}). Median CD4 counts were not different between the groups (240 cells/ml for the placebo and 139 cells/ml for the prednisolone group). Since our previous findings indicated that neither HIV-1 coinfection status, nor CD4 count or pericardial fluid *Mycobacterium tuberculosis* culture result affected the compartmentalized profibrotic immune response [@bb0020], we combined patients with and without HIV infection for analysis, as well as patients with definite and probable pericarditis.Table 1Patient characteristics.Table 1Patient numberAge (years)Wt (kg)GenderHIVHAARTART therapyCD4 (cells/μl)Creatinine (μmol/l)Globulin (g/l)Steroid allocationPericardial protein (g/l)ADA (units/l)TB microscopy12853malePositiveNoN/A1157646Placebo58HemolyzedPositive22940femalePositiveNoN/A502045Placebo5483Positive32466femalePositiveNoN/A424356Prednisolone6857Positive45682maleNegativeN/AN/A48512130Placebo62133Positive53172maleNegativeN/AN/A3198236Prednisolone55119Positive65153femalePositiveYesTdf/FTC/EFV1598056Placebo5053Negative72445femalePositiveNoN/A32125756Placebo6792Positive82766femalePositiveNoN/A1354555Prednisolone7026Positive94452femalePositiveNoN/A1396556Prednisolone6651Negative105966maleNegativeN/AN/A8749738Prednisolone6233Negative114570maleNegativeN/AN/A72110947Placebo7632Negative123347malePositiveNoN/A1167149Placebo61130Positive132573malePositiveNoN/A[a](#tf0005){ref-type="table-fn"}73[a](#tf0005){ref-type="table-fn"}Placebo5538Positive1427[a](#tf0005){ref-type="table-fn"}femalePositiveYesTdf/FTC/EFV2554174Placebo7668Negative[^1]

Results are summarised in [Table 2](#t0010){ref-type="table"}, indicating the median (IQR) of all analytes measured in all samples at the tested time points. Since samples were collected before prednisolone administration, we combined the baseline data to analyse the effect of compartmentalization: higher concentrations of IFN-gamma, IL-10, IL-1beta, IL-6, IL-8, IP-10 and TNF were found at the disease site compared to plasma at day 0, supporting our previous findings [@bb0020]. Interestingly, IL-1alpha and IL-12p40 was mostly detectable in the saliva samples, which also contained elevated concentrations of IL-1beta, IL-8 and IP-10 compared to plasma. Only IL-6 concentrations were higher in the plasma, compared to saliva (p = 0.03) at baseline. Caspase 3, 8 and 9 were only detectable in the pericardial fluid as opposed to plasma (p = 0.02, 0.0001 and 0.03 respectively for the three caspases measured).Table 2Median (IQR) of all analytes measured in all samples.Table 2SiteNTimeGroupIFN-γ\
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Prednisolone significantly decreased the concentration of IL-6 by 8 h in plasma, compared to the patients who received placebo ([Fig. 1](#f0005){ref-type="fig"}A, p = 0.036, Mann Whitney *U* test). In pericardial fluid, prednisolone significantly reduced IL-8 concentrations by 24 h ([Fig. 1](#f0005){ref-type="fig"}B, p = 0.03, Mann Whitney *U* test), compared to the placebo treated patients. There was a trend towards decreased IL-1beta concentrations, however significance was not reached due to low numbers (p = 0.06, not shown). Finally in saliva, we found a significant reduction in concentration of both IL-8 and IL-1beta by 24 h of treatment in the prednisolone group ([Fig. 1](#f0005){ref-type="fig"}C, p = 0.04, Mann Whitney *U* test; and [Fig. 1](#f0005){ref-type="fig"}D, p = 0.027, Mann Whitney *U* test), compared to the placebo group. The concentration of caspase 3, 8 and 9 did not appear to be affected by prednisolone in any of the compartments evaluated.Fig. 1Panel A. Concentration of IL-6 (pg/ml) in plasma at baseline, 8 and 24 h after initiation of prednisolone treatment, which resulted in significant reduction by 8 h (p = 0.036, Mann Whitney test). Concentration of IL-8 (pg/ml) in pericardial fluid (Panel B) and saliva (Panel C) at baseline, 8 and 24 h after initiation of prednisolone treatment, which led to significant decrease by 24 h in both pericardial fluid and saliva (p = 0.03 and 0.04 respectively, Mann Whitney test). Panel D. Concentration of IL-1beta (pg/ml) in saliva at baseline, 8 and 24 h after initiation of prednisolone treatment, leading to significant decrease by 24 h (p = 0.027, Mann Whitney test).Fig. 1

4. Discussion {#s0035}
=============

The largest clinical trial evaluating the effect of adjunctive prednisolone therapy showed no effect on the primary composite of death, cardiac tamponade requiring pericardiocentesis or constrictive pericarditis, however, with respect to the secondary outcomes, the IMPI trial demonstrated that prednisolone reduced the incidence of constrictive pericarditis and the incidence of hospitalisations [@bb0015]. Here we hypothesised that the antiinflammatory effects of prednisolone would also manifest in reduced measurable concentrations of inflammatory cytokines and chemokines. Our findings suggest that the beneficial effect of prednisolone is associated with the suppression of inflammatory mediators IL-6, IL-8 and IL-1beta.

These results support our previous findings described during the treatment of tuberculosis associated immune reconstitution inflammatory syndrome (TB-IRIS) with prednisone vs placebo [@bb0045], where prednisone reduced the duration of hospitalisation and the number of outpatient therapeutic procedures. At the same time, IL-6, IL-10, IL-12 p40, TNF, IFN-gamma, and IFN-gamma-induced protein-10 (IP-10, CXCL10) concentrations significantly decreased in the serum of prednisone, but not placebo, treated patients [@bb0050]. In a separate study we found that adjunct corticosteroid therapy modifies the inflammatory profile of those who develop TB-IRIS, with lower concentrations of IFN-gamma, IP-10, TNF, IL-6, IL-8, IL-10, IL-12p40, and IL-18 [@bb0055]. Thus, the beneficial effects of prednisone appear to be mediated via suppression of predominantly proinflammatory cytokine responses of innate immune origin, similar to our current findings.

We reported earlier that cell-death enrichment factors were elevated in pericardial fluid [@bb0020] and hypothesised that TB antigen specific activated T cells that enter the pericardium and release INF-gamma die, thus potentially activating the inflammasome pathway resulting in pyroptosis and release of IL-1beta, ultimately leading to more cell death. Here we show a trend towards decreased IL-1beta concentrations in the pericardial fluid of prednisolone treated patients, as well as higher concentrations of caspases 3, 8 and 9 in the pericardial fluid, thereby supporting our hypothesis for compartmentalized inflammation induced apoptosis in the pericardial fluid.

This report is limited by the small sample size therefore the statistical significance of the findings is weak. The small sample size further limited our capacity to analyse the results based on the HIV status of the patients, since it has been described that HIV infection is associated with a lower incidence of pericardial constriction in patients with presumed tuberculous pericarditis [@bb0060], and IL-13-secreting CD4 T cells, which are reduced by HIV, regulate fibrogenesis directly, through stimulating collagen synthesis by fibroblasts and indirectly by promoting TGF-beta1 production by macrophages [@bb0065]. However, we based our analysis strategy on our previous findings, that showed neither HIV-1 coinfection status, nor CD4 count or pericardial fluid *Mycobacterium tuberculosis* culture result affected the compartmentalized profibrotic immune response with respect to the selected analytes we measured [@bb0020]. Additional limitation of this pilot study is that pericardial fluid sampling was restricted within 24 h of initiation of prednisolone therapy due to safety concerns over leaving the pericardial catheter in the pericardial space for a prolonged period of time.

These findings however are of interest because TB remains the leading cause of constrictive pericarditis in Africa. The treatment for chronic pericardial tuberculosis leading to constriction is pericardiectomy, which is associated with high mortality and morbidity but also problematic due to the fact that cardiac surgery is not widely available in Africa [@bb0070]. Thus adjunctive immunotherapy that reduces the incidence of constrictive pericarditis, and which could be monitored by measuring inflammatory markers in easily obtainable samples such as plasma or saliva, might be beneficial during early patient follow up in reducing morbidity and possibly even mortality.
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